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FOREWORD

The test program reported herein was sponsored by the National
Aeronautics and Space Administration (NASA) for the Communications
Satellite Corporation (COMSAT) under Program Area 921E. Test
direction was accomplished by TRW Systems, Inc., with technical
assistance from Aerojet-General Corporation (AGC). This test was
the result of contractual requirements between COMSAT and their
prime contractor, TRW Systems, Inc.

The results of the test were obtained by ARO, Inc. (a subsidiary
of Sverdrup & Parcel and Associates, Inc.), contract operator of the
Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), Arnold Air Force Station, Tennessee, under con-
tract AF 40(600)-1200. The test was conducted in Propulsion Engine
Test Cell (T-3) of the Rocket Test Facility (RTF) on September 8,
1967, under ARO Project No. RC1735, and the manuscript was sub-
mitted for publication on November 20, 1967.

This technical report has been reviewed and is approved.

Edward C. Westwood Leonard T. Glaser
Captain, USAF Colonel, USAF
Acting AF Representative, RTF Director of Test
Directorate of Test
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ABSTRACT

An Aerojet-General Corporation SVM-2 solid-propellant apogee
rocket motor installed in an Engineering Model (EM-2)} of the
INTELSAT III communications spacecraft was fired while spinning at
100 rpm at a pressure altitude of 125, 000 ft, The primary objective of
the program was verification of vacuum performance of the apogee
motor after being conditioned at 75 £ 5°F. Secondary objectives were
to evaluate the thermal and mechanical interactions on the spacecraft
as a result of the motor firing. Electrical heaters were utilized in the
EM-2 to simulate the heat loads of the active electrical equipment
contained in the actual spacecraft. Altitude ignition characteristics
and ballistic performance are presented and discussed. Temperature-
time histories of thermocouples placed at selected locations on the
motor are presented. Spacecraft vibration data and motor exhaust
plume heat flux data are also presented and discussed.
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SECTION |
INTRODUCTION

The Aerojet-General Corporation (AGC) SVM-2 solid-propellant
apogee rocket motor is utilized to propel the Intelsat III communications
satellite, designed and constructed by TRW Systems, Inc., into an
operating orbit at synchronous altitude from the apogee of the transfer
orbit achieved by the long Tank Thor Delta Launch Vehicle (Fig. 1,
Appendix I) (Ref. 1).

As part of the TRW Intelsat development program, the motor was
installed in a test satellite containing simulated electrical components
and fired under the combined effects of rotational spin and simulated
altitude. The test satellite is an Engineering Model (EM-2) with a
general arrangement as shown in Fig. 2 (Ref. 1) (less the mechanically
despun antenna and transmit diplexer). The EM-2 spacecraft utilizes
simulated electronic equipment with heater units installed to reproduce
the temperatures resulting from operating the actual electronic com-
ponents. In addition, the hydrazine propellant tanks for the axial and
radial thrusters were filled with water to simulate the heat sinks and
mass distribution within the actual spacecraft.

The general objectives of this test program were to establish and
measure thermal conditions of selected satellite equipment during and
after exposure to the effects of the static firing of the SVM-2 solid-
propellant motor in a simulated altitude environment and to establish
ballistic performance of the SVM-2 solid-propellant motor in a simu-
lated altitude environment while spinning about the longitudinal axis at
100 rpm after the assembly was exposed to a controlled temperature
environment of 75 £ 5°F,

Altitude ignition characteristics and ballistic performance of the

motor are presented. Motor and spacecraft temperatures and vibra-
tion data are discussed.

SECTION Il
APPARATUS
2.1 TEST ARTICLE

The AGC SVM-2 solid-propellant rocket motor (Fig. 3) is an
apogee motor having the following nominal characteristics:
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Length, in. 35
Diameter, in. 23.68
Loaded Weight, 1bpy, 358
Propellant Weight, lbpy, 312
Vacuum Total Impulse, lbg-sec 82, 000
Maximum Chamber Pressure, psia 436
Burn Time, sec 22
Throat Area, in.2 5.96
Nozzle Area Ratio, A/A* 28:1

The chamber assembly is a glass-filament-wound pressure vessel
that includes two aluminum bosses for igniter and nozzle installation
and an integral skirt incorporating an aluminum thrust ring. The cham-
ber assembly is internally insulated with a molded silica-filled V-45
Buna-N® rubber material. Basic dimensions and materials of the cham-
ber are shown in Fig. 3 (Ref. 1).

The pressure vessel consists of two longitudinal and four circum-
ferential layers of Owens-Corning S-994 glass roving, preimpregnated
with 58-68 Shell resin system. The longitudinal layers are wound over
the insulator which includes integral igniter and nozzle bosses. The
aluminum thrust ring is attached to the chamber with type 341 glass
cloth which is held in position by circumferential layers of roving.

The grain assembly is a case-bonded, thermally cured, polybuta-
diene propellant grain. The propellant, designated ANB-3066, is case-
bonded to the insulation with SD-851-2 rubber copolymer. The configu-
ration of the propellant grain consists of eight fins in the forward head
section and a cylindrical bore which provide the required burning surface.

A partially submerged contoured nozzle with a 28:1 area ratio has
been selected for this motor. The complete nozzle assembly has six
major components: entrance cap, throat insert, throat backup, nozzle
housing, nozzle housing insulator, and exit cone. A weather seal of
polyurethane foam is attached to the exit cone.

The entrance cap consists of a composite wrap of laminates of
carbon-cloth-reinforced phenolic resin.

The throat insert is silver-infiltrated tungsten to provide minimum
erosion. The insert is retained by a throat backup, also made of
compression-molded phenolic resin with carbon cloth reinforcement.

The nozzle housing is machined from 6061-T6 aluminum and is
attached to the chamber by an integral flange. The submerged portion
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of the nozzle housing is insulated with General Tire and Rubber V-44
molded rubber. The exit-cone liner, made of parallel wrapped layers
of silica-phenolic resin tape, is bonded to the housing and overwrapped
with a 0.030-in. layer of adhesive-impregnated glass cloth.

The KR 80000-09 safe-and-arm device, which is also the first ele-
ment of the ignition train, contains two independent squibs (US Flare
ES-003), which can be activated either singularly or simultaneously.
The squib is rated at 1 amp no-fire and is qualified for all-fire at
4. 3 amp. The safe-and-arm device is hermetically sealed and filled
with 98 percent dry nitrogen and 2 percent helium to ensure consistent
performance under extreme environmental conditions.

The igniter is a controlled-pressure igniter which utilizes boron-
potassium-nitrate (BPN) pellets (AGC 32087, Types II and III) as pyro-
technics. The primary interface between the safe-and-arm device and
the igniter is identical with the successful Minuteman ignition system.
This design feature was selected to retain the proved performance re-
producibility of the Minuteman primary ignition train.

The one-piece main igniter housing is a molded-epoxy fiber glass
chamber with multiple nozzles, which direct the igniter flame to the
propellant surfaces. The chamber is lined with a molded Styrofoam
cup to hold and cushion the main charge pellets.

The primary charge consists of 8 gm of AGC 32087 Type 1I pellets.
The main charge assembly contains 136 gm of AGC 32087 Type III
pellets which are packed between the annulus of the chamber wall and
the flame tube.

The igniter chamber is held in place by a conventional steel retain-
ing ring. The safe-and-arm device is sealed by a face seal O-ring
between the safe-and-arm flange and the chamber adapter.

2.2 INSTALLATION

The motor spacecraft assembly was cantilever mounted from the aft
bearing of a spin fixture assembly in Propulsion Engine Test Cell (T-3)
(Ref. 2). The spin assembly was mounted on a thrust cradle, which
was supported from the cradle support stand by three vertical and two
horizontal double-flexure columns (Fig. 4). The spin fixture assembly
consisted of a 10-hp squirrel-cage-type drive motor, a drive shaft and
thrust pylon, and an aft bearing assembly. The spin fixture rotates
counterclockwise, looking upstream. Electrical leads to and from the
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igniter, pressure transducers, thermocouples, and accelerometers on
the rotating motor were provided through a 170-channel slip-ring
assembly mounted on the drive shaft. Axial thrust was transmitted
through the drive shaft-thrust bearing assembly to two load cells mounted
just forward of the thrust bearing.

Pre-ignition pressure altitude was maintained in the test cell by a
steam ejector operating in series with the RTF exhaust gas compres-
sors. During motor firing, the motor exhaust gases were used as the
driving gas for the 35.5-in, -diam ejector-diffuser system to maintain
test cell pressure at an acceptable level.

2.3 INSTRUMENTATION

Instrumentation was provided to measure axial thrust; test cell and
motor chamber pressures; nozzle, motor case, and spacecraft tem-
peratures; motor and spacecraft vibration levels; motor exhaust plume
heat flux; and motor-spacecraft rotational speed. Table I (Appendix II)
presents instrumentation ranges, recording methods, and system ac-
curacies for all reported parameters.

The axial thrust measuring system consisted of two double-bridge,
strain-gage-type load cells mounted in the axial double-flexure column
forward of the thrust bearing on the rocket motor centerline.

Unbonded strain-gage-type transducers were used to measure test
cell pressure. Bonded strain-gage-type transducers were used to
measure motor chamber pressure. Chromel® -Alumel® (CA) thermo-
couples were bonded to the motor case and nozzle (Fig. 5), and iron-
constantan (IC) thermocouples were bonded to the spacecraft (Fig. 6)
to measure temperatures before, during, and after motor firing.
Piezoelectric-type accelerometers were used to measure the dynamic
effects of the apogee motor on the spacecraft. Thermocouple and ac-
celerometer locations are presented in Figs. 5 and 6. Rotational speed
of the motor and spin rig assembly was determined from the output of
a magnetic pickup.

Radiometers and calorimeters were used to measure the rocket
motor exhaust radiation heat flux. Narrow-angle (7. 5-deg) radiom-
eters equipped with a sapphire (0. 3- to 6-u transmission band) window
were mounted on the diffuser duct perpendicular to the motor centerline.
This position resulted in the radiometers being approximately 2 in.
downstream of the nozzle exit plane of the rocket motor (Fig. 6b). The
heating rate calorimeters (black sensing disk) were located on and
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perpendicular to the aft surface of the spacecraft (Fig, 6b). The radiom-
eters and calorimeters were designed to measure the temperature
gradient between the center and the periphery of the active sensor area.
This temperature gradient is directly proportional to the heating rate.
Therefore, the millivolt output is a direct determination of the heating
rate provided that:

1. The temperature of the heat sink does not change, and

2. The emissivity of the sensor disk remains constant.

The data presented in this report utilized calibration curves of heat
flux (Btu/ft2-sec) as a function of millivolt output (supplied by TRW, Inc.),
and no additional corrections were made.

The output signal of each measuring device was recorded on inde-
pendent instrumentation channels. Primary data were obtained from
four axial-thrust channels, four test cell pressure channels, and three
motor chamber pressure channels. These data together with those ob-
tained from the two radiometers and two calorimeters were recorded
as follows: Each instrument output signal was indicated in totalized
digital form on a visual readout of a millivolt-to-frequency converter.
A magnetic tape system, recording in frequency form, stored the signal
from the converter for reduction at a later time by an electronic digital
computer. The computer provided a tabulation of average absolute
values for each 0. 10-sec time increment and total integrals over the
cumulative time increments,

The output signal from the magnetic rotational speed pickup was
recorded in the following manner: A frequency-to-analog converter was
triggered by the pulse output from the magnetic pickup and in turn sup-
plied a square wave of constant amplitude to the electronic counter
and oscillograph recorders. The scan sequence of the electronic
counter was adjusted so that it displayed directly the motor spin rate
in revolutions per minute.

The millivolt outputs of the thermocouples were recorded on mag-
metic tape from an analog-to-digital converter at a sampling rate for
each thermocouple of 50 samples/sec during the motor firing and for
5 sec during each 2-min interval for a total of 1 hr after the firing. The
millivolt outputs of the accelerometers were conditioned through indi-
vidual charge amplifiers prior to transmission through slip rings. The
amplified outputs were recorded on FM analog magnetic tape and played
back to a photographically recording, galvanometer-type oscillograph
at a later time,
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A recording oscillograph was used to provide an independent back-
up of all operating instrumentation channels except the temperature,
calorimeter, radiometer, and accelerometer systems. Selected chan-
nels of thrust and pressures were recorded on null-balance, potentiometer-
type strip charts for analysis immediately after a motor firing. Visual
observation of the firing was provided by a closed-circuit television
monitor. High-speed, motion-picture cameras provided a permanent
visual record of the firings.

2.4 CALIBRATION

The thrust calibration weights, thrust load cells, pressure trans-
ducers, and accelerometers were laboratory calibrated prior to usage
in this test. After installation of the measuring devices in the test cell,
thrust load cells were again calibrated at sea-level, nonspin ambient
conditions and at simulated altitude while spinning at 100 rpm.

The pressure recording systems were calibrated by an electrical,
four-step calibration, using resistances in the transducer circuits to
simulate selected pressure levels. The axial thrust instrumentation
systems were calibrated by applying to the thrust cradle known forces,
which were produced by deadweights acting through a bell crank. The
calibrator is hydraulically actuated and remotely operated from the
control room. Thermocouple and accelerometer recording instruments
were calibrated by using known millivolt levels to simulate thermo-
couple and accelerometer outputs. The calibration curves for the
narrow-angle radiometers and calorimeters were supplied by TRW,
Inc.

After the motor firing, with the test cell still at simulated alti-
tude pressure, the recording systems were recalibrated to determine
any shift.

SECTION IlI
PROCEDURE

The AGC SVM-2 solid-propellant rocket motor arrived at AEDC on
August 28, 1967. The motor was visually inspected for possible shipping
damage and radiographically inspected for grain cracks, voids, or
separations. During storage in an area temperature conditioned at
75 £ 5°F, the motor and spacecraft were checked to ensure correct fit
of mating hardware, and the electrical resistance of the igniter was
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measured. The nozzle throat and exit diameters were measured, the
entire motor assembly was weighed and photographed, and the thermo-
couples and accelerometers were installed. The chamber pressure in-
strumentation and squib assembly were installed, and a pressure leak
test was conducted on the motor. Motor and spacecraft surfaces were
mated and aligned. The nozzle plug was removed to accomplish the
pre-fire inspection and leak test, then replaced, and punctured for the
firing.

After installation of the motor-spacecraft assembly in the test cell,
the spacecraft centerline was axially aligned with the spin axis within
+0. 010 in. by rotating the motor-spacecraft assembly and measuring
the deflection of nozzle interior and nozzle exit plane surfaces with a
dial indicator. Instrumentation connections were made, and a nozzle
exit closure was installed on the rocket motor. A continuity check of
all electrical systems was performed. A balance check was performed
by rotating the motor-spacecraft assembly at a speed of 100 rpm.

Pre-fire, sea-level calibrations were completed, the test cell pres-
sure was reduced to the desired pressure altitude condition, and
spinning of the unit was started. After spinning had stabilized at
100 rpm, a complete set of altitude calibrations was taken. The various
heaters, which simulate the thermal loads of the active electronic com-
ponents within the actual spacecraft, were activated to produce the
desired temperatures at various locations within the spacecraft.

Once the temperature had stabilized, the final operation prior to
firing the motor was to adjust the firing circuit to provide the desired
4.5-amp current to each of two igniter squibs. The entire instrumenta-
tion measuring-recording complex was activated, and the motor was
fired while spinning (under power) at 100 rpm. The igniter safe-and-
arm device was electrically actuated to the "arm' position prior to test
cell evacuation. This operation was performed through electrical con-
nections which bypassed the slip-ring assembly. Actual motor ignition,
however, was accomplished through electrical connections passing
through the slip-ring assembly.

Spinning of the motor was continued for approximately 60 min after
burnout, during which time post-fire calibrations were accomplished.
The unit was decelerated slowly until rotation had stopped, and another
set of calibrations was taken. The test cell pressure was then returned
to ambient conditions, and the motor and spacecraft were inspected,
photographed, and removed to the storage area. Post-fire inspections
at the storage area consisted of measuring the throat and exit diameters
of the nozzle, weighing the motor, and photographically recording the
post-fire condition of the motor and spacecraft.
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SECTION IY
RESULTS AND DISCUSSION

A test program was conducted in Propulsion Engine Test Cell
(T-3) utilizing an Engineering Model (EM-2) of the Intelsat IIl space-
craft containing an Aerojet-General Corporation SVM-2 solid-
propellant rocket motor. The motor was fired at a pressure altitude of
125, 000 ft with the spacecraft-motor assembly spinning about the longi-
tudinal axis at 100 rpm. The spacecraft and motor were conditioned to
75 £ 5°F prior to the establishment of the desired test cell pressure.
Once altitude conditions were attained, the internal heaters within the
spacecraft were activated, and power was regulated to simulate the
thermal output of the active electrical devices which are contained in
the actual Intelsat III Spacecraft.

The primary objective of the test program was verification of the
vacuum ballistic performance and structural integrity of the Aerojet-
General Corporation (AGC) SVM-2 solid-propellant apogee rocket motor.
Secondary objectives were to determine the thermal and dynamic inter-
actions between the motor and the spacecraft. The resulting data are
presented in both tabular and graphical form. Altitude ignition char-
acteristics and ballistic performance of the motor are presented. Motor
and spacecraft temperatures, motor exhaust plume heat flux, and sys-
tem structural integrity are discussed. Vibration data from the motor
and spacecraft are also discussed.

Motor performance data are summarized in Table II, and a sum-
mary of motor physical dimensions is presented in Table III. The
average measured total impulse was corrected to vacuum conditions by
the methods presented in Section 4. 2. Specific impulse values are pre-
sented using both the manufacturer's stated propellant weight and the
motor expended mass determined from AEDC pre- and post-fire motor
weight, When more than one instrumentation channel of equal accuracy
was used to obtain values of a single parameter, the average value is
discussed and used to calculate the data presented.

4.1 ALTITUDE IGNITION CHARACTERISTICS

The motor was successfully ignited at a simulated altitude of
125, 000 ft. The motor pre-fire temperature was 79°F. An analog
trace of thrust, chamber pressure, and cell pressure during motor ig-
nition is presented in Fig. 7.
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Ignition lag time, defined as the time interval between application
of current to the igniter squibs and the first perceptible rise in cham-
ber pressure was 0.007 sec. The peak chamber pressure during igni-
tion was 380 psia.

4.2 BALLISTIC PERFORMANCE

The variations of thrust, chamber pressure, and test cell pres-
sure during the motor firing are shown in Fig. 8. The maximum
vacuum thrust and maximum chamber pressure obtained during the
test were 5028 lbsf and 460 psia, respectively, and occurred 4. 80 sec
after ignition.

Since the exhaust nozzle does not operate fully expanded at the low
chamber pressure encountered during tailoff, the measured thrust data
cannot be corrected to vacuum conditions by adding the product of cell
pressure integral and nozzle exit area; therefore, total and action
times were segmented, and the method used to determine vacuum im-
pulse is illustrated in Fig. 9. The exhaust nozzle flow breakdown was
considered to have occurred simultaneously with the exhaust diffuser
flow breakdown (as indicated by a rapid increase in cell pressure). The
flow at the nozzle throat was considered sonic until the chamber-to-cell
pressure ratio had decreased to a value of 1.3. The motor tailoff char-
acteristics are presented in Fig. 10. Chamber pressure decayed
smoothly during the entire tailoff event.

The total burn time (tt), defined as the interval from the first indi-
cation of chamber pressure at ignition until the chamber-to-cell pres-
sure ratio had decreased to 1. 3, was 71,80 sec (Fig. 10). Action
time (tg), defined as the time interval between 10 percent of maximum
chamber pressure during ignition and 10 percent of maximum chamber
pressure during tailoff, was 25. 40 sec.

Vacuum-corrected total impulse, based on total burn time, was
88, 719 lbf-sec. The vacuum correction was 0. 39 percent of the meas-
ured impulse (accumulated from ignition until nozzle flow breakdown).
Vacuum specific impulse based on vacuum total impulse and the manu-
facturer's stated propellant weight was 284. 35 lbg-sec/lby,. Vacuum
specific impulse based on vacuum total impulse and pre- and post-fire
weight difference was 281. 05 lbg-sec/lby,. Vacuum specific impulse
based on vacuum action impulse and pre- and post-fire weight differ-
ence was 279, 35 lbg-sec/lby. Vacuum thrust coefficient based on
action time and the average of pre- and post-fire nozzle throat area
was 1, 846,
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4.3 MOTOR CASE AND SPACECRAFT TEMPERATURES

Thermocouples were bonded to the motor case and spacecraft
(Figs. 5 and 6) to measure temperatures during the motor firing and the
60-min period after the firing. Temperature-time histories from
selected thermocouples on the motor and spacecraft are presented in
Fig. 11.

The maximum temperatures and the time of occurrence at selected
locations are summarized below:

Temperature, Time after

Location °F Ignition
Nozzle Exit Cone (TM11) 651 (Fig. 11c) 170 sec
Nozzle Attachment Flange (TM8) 467 (Fig. 11b) 17 min
Motor Case Wall (Cylindrical) (TM5) 467 (Fig. 11a) 7 min
Motor Case Wall {Forward Section ) (TM44) 478 (Fig. 11a) 7 min
Solar Panel (T34) 137 (Fig. 11j) 29 sec
Motor Support Housing {(T14) 180 (Fig. 11d) 25 min
Nozzle Close-Out Ring (T 36) 311 (Fig. 11i) 40 sec
Thermal Insulator (T10) 386 (Fig. 11le) 4,5 min
Spacecraft Electrical Components (T17) 142 (Fig. 11g) 65 min

Six electrical heaters were installed inside selected components
shown in Fig. 6 in order to reproduce the temperatures resulting from
operating the actual electronic components. Once the desired com-
ponent pre-fire temperatures were reached, the output of the electrical
heaters was maintained at constant levels throughout both the firing and
the thermal soak-back period (60 min). Six thermocouples (T20 through
T25) were bonded to these components to record the temperature in-
crease due to the motor firing. The temperature history for the six
components is summarized below:

Desired Pre-Fire Actual Pre-Fire Maximum Temperature (°F)
Temperature Temperature, and Time (min) after
Component Limits, °F °F Firing
High Level TWT 'A" 135 to 146 140 165 at 65
High Level TWT "B" 135 to 146 140 161 at 65
Transponder "A" 92 to 102 99 126 at 65
Transponaer "B" 92 to 102 100 125 at 57
Converter 85 to 95 78 106 at 65
Battery 60 to 70 70 26 at 65

As shown, the actual pre-fire temperature was within the desired limits
on all components except the converter.

10
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4.4 STRUCTURAL INTEGRITY

Post-fire photographs of the motor case interior, nozzle, and
spacecraft are presented in Figs. 12, 13, and 14, respectively. Post-
fire inspection of the SVM-2 motor case revealed large areas of
insulation-to-case separation (Fig. 12), which exposed small sections
of the fiber glass case material. Slight interior discoloration of the
fiber glass was evident in the areas of exposure.

Delamination of the nozzle fiber glass overwrap material was evi-
dent along the external surface of the exit cone (Fig. 13). Post-fire
inspection also revealed areas of separation in the nozzle throat
entrance cap material (Fig. 13c) (reinforced carbon-phenolic fabric).

Pre- and post-fire inspection data indicated a decrease in throat
area of approximately 3. 14 percent during the firing. The decrease in
nozzle exit area was approximately 0. 60 percent during the firing (ex-
haust product deposition was not removed prior to throat and exit diam
eter measurements).

No physical damage to the spacecraft assembly resulted during
motor operation. However, physical damage to the Kapton®-covered
stainless steel aft end cover was sustained (Fig. 14) as a result of the
momentary recirculation of hot rocket exhaust products (blowback) into
the test cell when the nozzle and diffuser flow breakdown occurred.

4.5 PLUME HEAT FLUX

Two water-cooled, narrow angle (7.5-deg) radiometers and two
calorimeters were used to obtain rocket exhaust plume heat flux data.
The radiometers were mounted to the lip of the water-cooled diffuser
duct (Fig. 6b), and the calorimeters were secured to the aft section of
the spacecraft (Fig. 6b).

The variation of the heat flux data with time is presented in Fig. 15.
A maximum radiation heat flux of 12.6 Btu/ft2-sec was measured by the
radiometer and occurred 14. 0 sec after ignition. During actual motor
operation, radiation heat flux measured by the radiometers was sub-
stantially higher than that measured by the calorimeters. This was a
result of the radiometer's narrow field of view (7.5 deg) which allowed
its sensing element to be focused directly on the exhaust plume. The
calorimeters, which incorporated a much larger field of view (=180 deg),
were located upstream of the exhaust plume and measured only the aver-
age heat flux over a larger effective area.

11
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The sudden increase in heat flux level, recorded by the calorim-
eters, occurring approximately 23 sec after ignition, is attributed to
convective heat transfer caused by the influx of hot exhaust products
into the test cell as a result of nozzle and diffuser flow breakdown.
The radiometer elements, which were shielded, were largely un-
affected by nozzle flow breakdown.

4.6 SHOCK AND VIBRATION DATA

The motor and spacecraft were rigidly secured to the spin-rig
which was mounted to a flexure supported thrust cradle as shown in
Fig. 4. The accelerometers were located on the motor and spacecraft
as shown in Fig. 6. As a result, the vibration data recorded by the
accelerometers are composite signals of the vibration of the space-
craft and the vibration of the spin rig-thrust cradle assembly.

Data taken during the ignition transient from accelerometers posi-
tioned to record axial acceleration are presented in Fig. 16. The data
in Fig. 16 are presented in the form of an analog trace of the accelerom-
eter output. Accelerometer A-5, located on the solar panel of the space-
craft, recorded a maximum peak-to-peak acceleration of 153g's
(Fig. 16a). Accelerometer A-3, located on the wobble damper bracket
of the spacecraft (Fig. 16b), recorded a maximum acceleration of
49g's. A maximum acceleration of 175g's (Fig. 16c) was recorded by
accelerometer A-1 located on the igniter boss. Accelerometer A-4
located on the equipment platform recorded a maximum acceleration
of 24g's (Fig. 16d).

The smaller vibration levels shown approximately 0. 100 sec after
motor ignition (Fig. 16) are representative of the levels during steady-
state motor operation.

SECTION V
SUMMARY OF RESULTS

One Aerojet-General Corporation SVM-2 solid-propellant apogee
rocket motor was fired at a pressure altitude of 125, 000 ft while mounted
in an Engineering Model of the Intelsat III communications spacecraft
which was spinning at 100 rpm about its longitudinal axis. The space-
craft and motor were conditioned to a temperature of 75 + 5°F prior to
firing the motor. The results are summarized as follows:
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The time interval between application of current to the igniter
squibs and the first perceptible rise in chamber pressure was
0.007 sec.

The time interval from the time of increase in chamber pres-
sure during ignition and the time at which the chamber-to-cell
pressure ratio reached a value of 1. 3 at tailoff (t;) was 71.8 sec.

The time interval beginning when chamber pressure had risen
to 10 percent of maximum (excluding ignition peak) and ending
when chamber pressure had fallen to 10 percent of maximum at
tailoff (t5) was 25. 40 sec.

Vacuum total impulse based on ty was 88, 719 lbg-sec. Vacuum
specific impulse, based on the manufacturer's stated propel-
lant weight and t{, was 284. 35 lbg-sec/lby,.

The average vacuum thrust coefficient, based on t3 and the
average of pre- and post-fire nozzle throat areas, was 1. 846.

The maximum nozzle exit cone temperature was approximately
651°F and occurred 170 sec after motor ignition. The maxi-
mum motor case temperature was approximately 478°F and
occurred 7 min after motor ignition.

The maximum value of motor exhaust plume radiation heat
flux measured at the nozzle exit was 12, 6 Btu/ft2-sec and oc-
curred 14, 0 sec after motor ignition.

The nozzle throat and exit areas decreased 3. 14 and 0, 60 per-
cent, respectively, as a result of the firing.

Post-fire inspection of the rocket motor assembly revealed
large areas of insulation-to-case separation which exposed
small portions of the fiber glass case material. This was a
result of thermal soak-back following motor burnout. Delami-
nation of the fiber glass nozzle overwrap and nozzle throat
entrance cap was also observed. The spacecraft assembly did
not sustain physical damage during apogee motor operation.
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Fig. 13 Post-Fire Photographs of the Nozzle Assembly

a. Interior of Exit Cone
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STEADY-STATE MEASUREMENT UNCERTAINTY
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Estimated Measurement Uncertainty (2 Sigma)
O the R f
Steady -State at 04 e v;‘;aszrezleg;o Range Type of Type of Method of
Parameter Operate Level, P" °& % ‘f of Measuring Recording System
Percent of ;r::;‘n % Percent of Units of Measurement Device Device Calibration
Reading S g Reading Measurement
Axial Force, lbf 0. 35 = - --- So= 1640 to 5000 1bg Bonded Strain-Gage Voltage-To- Deadweight
i e L Tl r Force Transducer Frequency
TN buls o (2 Used) Converter onto
lbg-sec £oF +0. 34 --- oo 0 to 5000 lbg Magnetic Tape
ng:t:ru?_haml::: 10. 28 o= g o 155 to 455 psia Bonded Strain-Gage Resistance Shunt
b Y Pressure Transducer
(2 Used)
Chamber Pressure
--- 1 —es -5 4
Integral, psia-sec LY DASRIEEREETE
LiwlMege [Lhumber --- --- +0.50 --- 5 to 50 psia (1 Used)
Pressure, psia
;:Lscuil; - +1.17 — =5 o 0.062 to 0. 41 psia | Unbonded Strain-Gage
B Pregsure Transducer
3 d;
Test Cell Pressure - £1. 16 - & A 0 to 0.41 psia ks
Integral, psia-sec - B
Synchronous Photographically Compared to
Event Time, msec --- --- -—- 15 msec .- Timing Line Recording Galvanom- | Frequency
Generator eter Oscillograph Standard
s ft Iron-Constantan Sequential Sampling Millivolt Source
Tpa“““t - SR S S 5, 5°F 0 to B00°F Temperature Millivolt-To-Digital | and NBS Tem-
empegature, Transducer Converter and Mag- perature Tables
netic Tape Storage
o Chromel® -Alumel® | Data Acquisition
o cos === S0 +4. 8°F 0 to 600°F Temperature System
Temperature, °F Tianedicer
Periodic Deadweight
Weight, lbg, --- --- B +0.031 1bm g ?:;:sBﬂmce Vgl Bt Cieuion
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TABLE Il
SUMMARY OF MOTOR BALLISTIC PERFORMANCE

Motor S/N D-9
Test Date (1967) September 8
Ignition Altitude, ft 125, 000
Pre-Fire Motor Temperature, °F 81
Average Altitude, ft ' 110, 000
Ignition Lag Time( 1), sec 0. 007
Time from Ignition to Diffuser Flow Breakdownf 2), thd. sec 22,70
Action Time(3), sec 25. 40
Total Burn Time(4), sec 71.80
Measured Total Impulse {Average of Four Channels)
(Ignition to tpq), lbf-sec 85, 092
Maximum Deviation from Average, percent 0,072
Chamber Pressure Integral (Average of Two Channels)
{Ignition to thq), psia-sec 7890. 4
Maximum Deviation from Average, percent 0.058
Cell Pressure Integral (Average of Three Channels)
(Ignition to thq), psia-sec 1.9869
Maximum Deviation from Average, percent 0.357
Average Axial Thrust (based on Action Time), lbf 3472
Average Chamber Pressure (based on Action Time), psia 321
Chamber Pressure at which Nozzle and Diffuser Flow
Breakdown Occurred, psia 146
Average Thrust Coefficient (based on 1 sec of data before
diffuser flow breakdown), ©f 1,837
Vacuum Total Impulse, lbg-sec 88, 719
Vacuum Specific Impulse, lbg-sec/lbm

Based on Manufacturer's Stated Propellant Weight 284, 35

Based on Expended Mass (AEDC) 281.05

Average Vacuum Thrust Coefficient (based on Action
Time and Average Pre- and Post-Fire Throat Areas), Cf 1.846

(I1nterval from application of ignition voltage to time of increase in
chamber pressure.

(2)pefined in Fig. 9.

(3)Time interval beginning when chamber pressure has risen to 10 percent of
maximum (excluding ignition peak) and ending when chamber pressure has fallen
to 10 percent of maximum at tailoff.

(4)The time interval between the first indication of chamber pressure at
ignition and the time the ratio of chamber pressure to cell pressure decreases
at 1.3 at tailoff.
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TABLE I} -, ;
SUMMARY OF MOTOR PHYSICAL DIMENSIONS
Test Date _ .. . |.September’s, 1967
Motor Serial Number D-9
(AEDC) Weights (Motor)
Pre-Fire Weight, lby 357. 291
Post-Fire Weight, 1bm 41.620
Expended Mass, lbm 315.671

Manufacttﬁ‘ er 'é =S-tated
“Propellant. Weight

Propellant Grain 311.69
Igniter Grain 0. 32
Total 312,01

Nozzle Throat Area, in.2

Pre-Fire 5.953
Post-Fire 5, 766
Percent Change -3.14
Average 5. 860
Nozzle Exit Area, in.2
Pre-Fire ' 166. 498
Post-Fire 165. 492
Percent Change -0. 60
Average 166. 001
Nozzle Area Ratio
Pre-Fire 27. 97
Post-Fire 28.70
Average 28. 33
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